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ABSTRACT

To determine the accuracy with which a precipitation forecast can be made from the features of the prognostic
charts currently disseminated, an objective forecast system using only those features has been developed for the

Des Moines, Iowa, area.

As a means of finding predictors, sets of composite sea level and 700-mb. charts were

~made up for very dry situations and for situations in which heavy precipitation occurred. In the final system, the
various predictors are combined in scatter diagrams to give a forecast, comparable in accuracy with that of the district
forecast, of the occurrence of precipitation at Des Moines during a 12-hour period beginning 12 hours after the valid

time of the 30-hour sea level prognostic chart.
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INTRODUCTION

In the last ten years, increasing emphasis has been
placed on the use of the prognostic chart as an auxiliary
aid to weather forecasting. To improve the quality of
the charts, typing and analogue systems, kinematic
equations, objective aids, and grapbical techniques have
been devised. More recently Charney (1] and others have
designed mathematical procedures amenable to perform-
ance by electronic computers. Such recent efforts to
improve prognostic charts have raised the important
question of the manner in which predictors derived from
prognostic charts may be used in forecasting weather.

The work described here is one of the several studies (for
example [2, 3, 4]) in which the prognostic chart is used as
a source of predictors upon which the occurrence of some
weather element is dependent. In this study, a forecast
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system was developed using perfect prognostic charts of
the surface and 700-mb. level, that is, actual weather
maps but consisting of only those items to be found on
currently transmitted prognostic charts. The completed
forecast system was tested on an independent series of
perfect prognostic charts. This test indicates the degree
to which the system is independent of the particulat
period covered by the charts used in developing the
system. A further test was then made using the prog-
nostic charts from the independent series. This test
has the purpose of measuring both the skill of the system
under actual working conditions and the amount by which
the skill drops off due to the lack of identity between
features of the actual prognostic and perfect prognostic
charts.

The principal aim of this study was to get a measure of
the skill that may be attained in forecasting precipitation
through the use of prognostic charts. Since we are look-
ing forward to a time when prognostic charts will be made
by the electronic computer using numerical methods, the
skill of the prognosticator is eliminated as a variable by
the use of predictors taken from perfect prognostic charts.
There remains the question of how much prognostic charts
will ultimately be improved by the use of numerical
methods.

SELECTION OF THE FORECAST PROBLEM

Precipitation was chosen as the element to be forecast.
The initial problem attempted here was to devise a
system of forecasting the precipitation for the daytime
hours of one day (0630-1830 cst) from the prognostic
charts valid the previous evening. This forecast, as issued
by the district and local forecasters, is made in the even-
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ing two days earlier from the 1830 cst surface chart and
0900 csT upper air charts. Available to the forecaster are
the prognostic 30-hour surface and 36-hour 700-mb. charts
valid the following evening at 1830 and 2100 csr, respec-
tively. It is from these prognostic charts that the data
for the method to be described are obtained, although in
developing the method actual observed charts (perfect
prognostics) for those times were used.

Several parts of the United States were considered in
selecting a locality for which to forecast. A study by
Bristor on the selection of forecast research problems [5]
indicated that forecasting aids would be very useful in the
region between the Mississippi River and the Rockies.
Des Moines was selected within this region because of its
central location within its area of service responsibility.

Some thought was given to working out the system so
that it would be applicable to all seasons of the year, but
because of the many differences between precipitation-
producing situations in the warm and cold months, the
gystem constructed applies only to the months of Decem-
ber, January, and February.

FAMILIARIZATION WITH THE AREA

Familiarization with the preciptiation-producing syn-
optic situations of central Iowa was aided by lists, made
for each of the 4 seasons, of 10 dates on which large
amounts of precipitation occurred within the selected 12
hours and 10 dates on which there was no precipitation
in the Des Moines area. For this purpose 3 months were
assigned to each season, e. g., “winter” consists of Decem-
ber, January, and February. In order that the no-
precipitation dates should represent exceptionally dry
conditions, it was further specified that there be no pre-
cipitation in the entire State on that date and none at
Des Moines for at least 2 days before and after. Most of
the dry days were actually in periods of severe drought.
Cases were selected, not from the entire period of record,
but only from the period since November 13, 1945, for
which map data are available on punched cards.

Although examination of the individual maps was of
value in learning to recognize weather potentialities, the
possibility remained that important indications beyond
the immediate vicinity of the forecast area would go
unnoticed. For this reason, the 8 lists of 10 dates de-
scribed above were submitted to the Weather Bureau’s
Machine Tabulation Unit where punched cards containing
sea level pressure data at 1830 cst and 700-mb. height
data at 2100 cst for the western half of the Northern
Hemisphere were processed to get average pressure and
height values from which composite sea level and 700-mb.
charts, for dry and precipitation situations were plotted
and analyzed.

COMPOSITE CHARTS

The composite charts for the winter season are shown
in figures 1-4. Several important differences between the
dry and wet situations are apparent. Dry conditions
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accompany a strongly developed subtropical high pressure
belt between. 30° and 40° N., with strong zonal flow from
40° to 55° N., since in this situation, traveling cyclones
with their attendant precipitation pass north of the Des
Moines area. Heavy precipitation is preceded by a
trough aloft west of Des Moines; surface Lows move in
from the southwest but pass to the south of the city.

The composite charts can be treated in various ways to
bring out their essential differences. Although some
differences, such as the path of contours running from
Des Moines to the west or the strength of the westerly
currents through northern Washington and Montana, are
evident at a glance, a more objective means is necessary
to bring out the more subtle differences between the two
sets of charts. For this purpose the following auxiliary
charts were prepared:

a. Pressure difference (fig. 5) and height difference
(fig. 6) between dry and precipitation composites.
Isopleths of the pressure (or contour) difference
form a pattern which may be studied to find axes
along which the pressure (or contour) gradient
difference between charts is & maximum.

b. Relative topography (mean isotherms) and mean
flow between sea level and 700-mb. composites.
With these charts, the advection patterns of the
sea level to 700-mb. layer may be compared.

c. Sea level and 700-mb. composites of the charts
24 hours earlier than the initial set of charts.

d. Composite pressure and height change in the 24
hours preceding the time of the initial set of charts.

DEVELOPMENT OF THE OBJECTIVE SYSTEM
THE SEARCH FOR PARAMETERS

Initially, the patterns of the sea level and 700-mb.
composites and of the auxiliary charts (figs. 1-6) were
examined to find parameters related to one or more of the
primary precipitation variables: moisture supply, thermo-
dynamic instability, and lifting mechanism. Since only
situations of heavy precipitation make up the precipitation
composites, it was necessary to examine the less homoge-
neous situations associated with small amounts of precipi-
tation to define additional types of precipitation producers.

The parameters selected are, in general, related to more
than one of the primary precipitation variables. This is
particularly true in the case of southerly wind components
in the lower levels, for not only does the principal moisture
source lie to the south, but also southerly winds tend to
occur with approaching troughs with whose eastern por-
tions are associated convective instability and several
types of lifting mechanism. The lifting mechanism may
be upglide of the warm moist air over a slower moving cold
airmass, sudden lifting of the warm moist air by a cold
front, the pre-frontal squall line, or quite often some less
definable process such as might be associated with a great
field of divergence in the high levels of the troposphere with
upward motion between it and a compensating field of
convergence in the lower levels. As shown by Klein [2]
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Fiaure 1.—Composite sea level pressure chart for ten winter cases of heavy 12-hour

precipitation at Des Moines, Iowa. Isobarsarelabeled in millibars, hundreds omitted.

Fraurg 4.—Composite 700-mb. chart for ten winter cases of dry conditions at Des Moines
(same cases used for fig. 2). Contoursare in hundredsoffeet. State of lowaisindicated
by shading.
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Fiaurs 2.—Composite sea level pressure chart for ten winter cases of dry conditions at
Des Moines. Isobars are labeled in millibars, hundreds omitted. State of Iowa is
indicated by shading.

FIGURE 5.—Pressure difference chart, in millibars, computed by subtracting sea level
pressure on composite charts for dry conditions (fig. 2) from sea level pressure on com-
posite charts for heavy 12-hour precipitation (fig. 1). State of Iowa is indicated by
shading.

Fi16oRrE 3.—Composite 700-mb, chart for ten winter cases of heavy 12-hour precipitation
at Des Moines (same cases used for fig. 1). Contours are in hundreds of feet. State of
Towa is indicated by shading.

Fiaurr 6.—Height difference chart, in hundreds of feet, computed by subtracting 700-mb,
height on composite charts for dry conditions (fg. 4) from 700-mb. height on composite
charts for heavy 12-hour precipitation (fig. 3). State of Iowa is indicated by shading.
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and Rieh!l [6] conditions favorable for precipitation are
most likely to be found in the portion of an upper-level
wave pattern from the trough line eastward to the next
ridge.

The difficulty of the forecasting problem in this area is
increased by the fact that, especially in winter when the
mean westerly component over the Iowa area is large, the
State is often in the rain shadow of the mountain ranges
to the west.  Very often the flow in the lower levels does
originate in the Gulf of Mexico area but the very storm
whose approach brings the necessary lifting mechanism
drives before it a large mass of dehydrated air, effectively
deflecting to the east of Des Moines the tongue of moist
air flowing from the south. Precipitation then tends to
break out along and beyond a northeast-southwest line
not very far to the east of Des Moines. This line sep-
arating the area having little or no precipitation from the
area of heavier precipitation is usually so well marked that
we refer to it as the “‘arid line.”

Figures 7 and 8 illustrate the array of parameters which
at one time or another were tested in this study. The
majority of these were selected by careful examination of
the various composite charts. Some form of stratification
was greatly desired, so the first parameters selected were
taken from the areas where the patterns in figures 5 and 6
are most dissimilar.

THE 700-MB, PARAMETERS
Comparison of the 700-mb. composites (figs. 3 and 4)

with the aid of the difference chart (fig. 6) shows that heavy

precipitation at Des Moines is associated with southerly
wind components in the area from the Continental Divide
to the Mississippi River, while dry conditions tend to
occur when there is west-northwesterly flow in that area
and a ridge at 120° W. These observations suggest that
a measure of the wind flow in this area should be useful
as & predictor.
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The best of the parameters selected from the area are
the height differences, Columbia, Mo. minus North Platte,.
Nebr. AHcpr-rer, and North Platte minus St. Cloud,
Minn. AHpgp.gre. When combined in a scatter diagram
(fig. 10), this pair measures the mean geostrophic wind
over the Columbia-North Platte-St. Cloud triangle
centered slightly to the west of Des Moines., Parameters
complementing rather than duplicating the resolutions of
cases attained in figure 10 are difficult to find. Only two
of the other upper air parameters tested showed any suc-
cess in this regard, the height differences Dodge.City,
Kans., minus Columbia, AHppc-cer, and Oakland, Calif.,
minus N (32.5° N., 135° W.)*, AHosx-n. The parameter
AHgax-n Serves to measure the north-south wind compo-
nent just off the west coast. Strong north winds in this
area are associated with developing trough situations in--
land which in turn often produce precipitation over Iowa.
Strong southerly components just off the west coast, on
the other hand, are a clue to the presence of a ridge over
the western two-thirds of the United States, and therefore
a dry condition over lowa. At times, however, such a
ridge has buried within it a trough at lower latitudes.
The height difference AHppe-csr, is designed to detect
such a precipitation producer. :

The parameters AHCBI—-LBF and AHLBF—STC were com-
bined in a single diagram (fig. 10) with precipitation as
the variate plotted within the diagram. An analysis of
this diagram according to the method described in the
next section results in a family of lines from which may be.
read off the values of a dependent variable X;. In the
same way the height differences AHopax-x and AHppo-_csr
were combined in a single scatter diagram (fig. 12) to give-
values of the dependent parameter X,.

*Point N, ‘during the period of the observations used in this study, was the location
of Ship N. On December 6, 1953, Ship N was moved to 31° N, 140° W, Therefore,

from maps after that date the 700-mb. height for use in determining A Hoax-n should
be interpolated for the former location.
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FIGURE 7.-~Map of sea level parameters used in the system or tested during the investiga-
tion. Joined points indicate pressure difference parameters.

FI1GURE 8.—Map of 700-mb. parameters used in the system or tested during the investiga-
tion, Joined points indicate height difference parameters,
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THE SEA LEVEL PARAMETERS

. From an examination of the sea level composites (figs. 1
and 2) and the difference chart (fig. 5) a number of pres-
sures and pressure differences were selected, again from
areas of greatest flow difference. These parameters were
tested against the observed precipitation to find those
'‘which not only are most closely related to precipitation
‘oceurrence but which also tend to add information to
that already obtained from the 700-mb. parameters.

The pressure differences Wichita, Kans. minus Colum-
bia, Mo. APior—cer, and Columbia minus Duluth, Minn.
APcpr_pra, which when combined in a scatter diagram
(fig. 9) give an indication of the mean surface wind over
the Wichita-Columbia-Duluth triangle, were found to
be the most helpful of the sea level parameters. However,
each of these two pressure differences has a special signifi-
cance. APjer.cpr is a timing, or “cut-off’’, parameter
testing whether a storm is approaching or is no longer a
threat. APcpr.pim, on the other hand, is an indirect
measure of the slope of the isentropic surfaces between
Columbia and Duluth. - Analysis of this scatter diagram
results in a family of curves of the variable X,.

A second pair of sea level parameters, the pressure at
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Amarillo, Tex. Pyua, and the pressure difference between
Brownsville, Tex. and Amarillo, APsro-ama, i8 used to
give the values of the dependent variable X; (fig. 11).

The parameter Paya, tends to measure the seriousness of

the threat southwest of Des Moines, while APgro-ama
serves to diminish this value in the case of excessive
westerly components.

Parameters X; and X, were combined (fig. 13Y,) to give
another dependent variable Y, essentially a function of
the surface and the 700-mb. wind over the Des Moines
ares.

X; and X, were also combined (fig. 13Y,) to allow
evaluation of another dependent variable Y,, which is a
rough measure of a wave pattern aloft and the availability
of moisture in the lower layers. A last combination was
‘made of Y; and Y, as dependent parameters, again with
precipitation as the plotted variate, to form the Z chart
(fig. 14).

The use of one more sea level parameter, the pressure
difference between Columbia and Huron, N. Dak.
APcpi_non, 18 required to resolve the cases falling into the
Q area of the Z chart. This parameter is an additional
measure of the surface wind over the Iows area.

provided X, < 40

- AP(ICT =CBI).

5 {-u,~-10)
5

790 -

-0 -5

.. AP(CBI—-DLH)

FiGURE 9.—Work Chart: X;.

Ordinate is the sea level pressure difference, Wichita, Kans. rainus Columbia, Mo.; abscissa, sea level pressure dlﬂerence,.ﬂolum'biay Mo, miting Pu-

luth, Minn. Values of X Jess than 20 (heavy line) indicate a no-precipitation forecast provided Xs (fig. 10) isless than 40. Dot=no precipitation; T=trace. Observed 12rhour
precipitation amounts arein hund.redths of an inch 'I‘he fractlons between parametric lines are ratlos of precxpltation cases to total cases w1thm the two lines



362

AN (GBI-LBF)

~80

—60 ! I ! ! s ! I ! 1 L 1
=30 -20 -0 a 0 20 30 40 60 0 70 80 90

AH {LBF -STC)

FiGURE 10.~Work Chart: X3. Ordinate {s the 700-mb. height difference Columbia,
Mo. minus North Platte, Nebr.; absecissa, 700-mb. height difference, North Platte.
Nebr. minus St. Cloud, Minn. Values of Xy less than 20 (heavy line) indicate a no-
precipitation forecast. Dot=no precipitation; T=trace. Observed 12-hour precipi-
tatlon amounts are in hundredths of an inch. The fractions between parametric lines
are ratios of precipitation cases to total cases within the two lines.

ANALYSIS OF THE SCATTER DIAGRAM

On each of the scatter diagrams a family of curves
numbered by tens from 10 to 90 has been drawn subjec-
tively but with attention to a large amount of detail.
Not only were precipitation amounts for the proper 12-
hour period entered on the working charts but also the
following information:

1. Amounts occurring in the 6 hours preceding and/or
following the period.

2. Amounts occurring in the proper period at certain
stations within 50 miles of Des Moines.

3. Additional cases in which amounts of more than
0.25 inch occurred in months of November and
March adjacent to the winters of the dependent
sample.

Both the percentage of precipitation reports and the
presence of large amounts were considered in analyzing
the charts. Although the values assigned to the para-
metric lines do not have & precise pbysical meaning, they
are arranged so that the higher values correspond in
general to a greater probability of precipitation and to a
greater probable amount. The values assigned to the
parametric lines on the four X charts (figs. 9-12) have
approximately the same meaning with respect to precipi-
tation occurrence. On the two Y charts (fig. 13) the
overall percentage of precipitation is higher than on the
X charts and the values of the parametric lines correspond
to somewhat higher percentages and amounts of precipi-
tation. Attempts made to analyze the charts with fam-
ilies of lines defined with respect to just one type of
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SEA LEVEL PRESSURE (AMA)

-3 o s 90 +s
AP (BRO-AMA)

FI16URE 11.—Work Chart: X3. Ordinate is the sea level pressure at Amarillo, Tex.;
abseissa, sea level pressure difference, Brownsville, Tex, minus Amarillo. Values of
X less than 20 (heavy line) indicate a no-precipitation forecast. Dot=no precipitation;
T=trace. Observed 12-hour precipitation amounts are in hundredths of an inch.
The fractions between parametric lines are ratios of precipitation cases to total cases
within tho two lines,

precipitation statistic showed little promise because of the
low frequency of precipitation at Des Moines and the
resulting sparse distribution of precipitation on the charts.

FORECAST CATEGORIES

From the analyzed scatter diagram, parametric values
for each case were extracted and compared with observed
precipitation to establish limits for the necessary forecast
categories. To facilitate the bookkeeping required, the
symbols N, are used to indicate no-precipitation forecasts
and R,, precipitation forecasts. Requirements for defini-
tions of the categories follow.

N,: X;<20 and also X,<40

Ng: X,;<20

Ne: X< 20

NDZ X4< 20

Ng: X< 59 for all i

g; %:;gg]R aren of Z chart

Ng: N area of Z chart

Na: Q area of Z chart and AP¢pr.mon >0

Raq: Q area of Z chart and APcpr_pox <0
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FiGURE 12—Work Chart: Xi. Ordinate is the 700-mb. height difference Dodge City,
Kans. minus Columbia, Mo.; absecissa, 700-mb. height difference, Oakland, Calif.
minus N, 32.5°N., 136°W. (former location). Values of X,less than 20 (heavy line) indi-
cate a no-precipitation forecast. Dots=no precipitation; T=trace. Observed 12-hour
precipitation amounts are in hundredths of an inch. The fractions between para-
metric lines are ratios of precipitation cases to total cases within the two lines.

The relative frequency with which precipitation occurred
in these categories for both dependent and test data is
given in table 1.

USING THE SYSTEM

The steps leading to a forecast are summarized in figure
15. Sea level pressures for Wichita, Columbia, Duluth,

100

90

BO

70

80

= 50

30

FIGURE 13.—Work Charts: Y,and Y3.
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Brownsville, Amarillo, and Huron and 700-mb. heights for
Columbia, North Platte, St. Cloud, Qakland, point N
(32.5° N, 135° W.), and Dodge City must be interpolated
from the prognostic charts. For more than one-third of
the cases, a forecast of Ny (i=A, B, C, D or E) is given
by the value of one or more of the X parameters and the
process need be carried no further. The R, and R, fore-
casts (about one-eighth of all cases) follow directly from
the values of the Y parameters. About one-half of all the
cases must be carried into the Z chart.

Figure 16 is a sample work sheet illustrating the manner
in which the data can be arranged for daily use and
monthly tabulation. Some of the steps are omitted when
the forecast is reached at an early stage.

VERIFICATION OF RESULTS

Two of the more usual scores used in verifying forecasts
are the percentage correct and the skill score. Although
both of these scores have certain advantages each has
serious deficiencies when used in testing systems such as
this. The percentage correct has the disadvantage of
being deceptively high in the regions where precipitation
is infrequent. For example, if one forecasts no precipita-
tion for every one of the 722 winter daytime periods in-
cluded in this study, his score will be 85 percent correct.
Since, in the Iowa area, a forecaster does well if precipita-
tion occurs on just half of those days on which he forecasts
it, it will be seen that even this good forecaster will end
up with a score of 85 percent correct. The use of the
percentage correct diminishes his incentive to try any-
thing but a no-precipitation forecast. But the skill score

100

920 P>

70

60

40

30

20

MMM

[} 0 20 30 40 30
Xy

Ordinates are X, and X3, and abscissae, Xyand X, respectively. Shaded areas indicate values which were previously eliminated as no-pre-

cipitation forecasts on the basis of individual X;, Dot=mno precipitation; T=trace. Observed 12-hour precipitation amounts are in hundredths of an inch. The fractions
between parametic lines are ratios of precipitation cases to total cases within the two lines
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F!G!JBE 14,~Work Chart: Z. Ordinate and abscissa are Y) and Y3 respectively. The

N ares indicates a no-precipitation forecast; the R area, a precipitation forecast. The
Q area indicates a precipitation forecast unless APcB1-HoN is greater than zero. Dot=

- no precipitation, T=traco. Observed 12-hour precipitation amounts are in hundredths
of an inch: Fractions are ratios of precipitation cases to total cases within each area.

F10URE 15.—System organization chart. “P’ indicates sea level pressure; “H’’, 700-mb.
helght. Other symbols indicats values and forecasts explained in the text.

also has its deficiencies as pointed-out by the tests of our
system. For example, if precipitation occurs in less than
one-fourth of all cases, the skill score can be increased if
certain sections of the scatter diagram are designated: as
precipitation-forecast areas even though only one out of
four of the cases within those areas is actually a precipita-
tion case. Obviously except for specialized purposes no
forecaster wishes to forecast rain with only a 25 percent
probability of success.

‘In determining the R and N categories of this system
it-was desired to have as high a skill score as possible.
At the same time, to make the R catagories acceptable
to the forecaster, the percentage of precipitation cases in
these categories was kept above 50. The final percentages
for the. principal R categories, R, and R,, indicate .a
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¥1GURE 16.—Sample Work Sheet. A suggested convenient form to contain an entire
month’s data. The entries include the basic heights and pressures required, and de-
rived quantities necessary in determining the system forecasts. Data shown are for
first 21 days of Feb. 1953,

decrease in precipitation frequency from 56 percent in
the basic data to 42 percent in the test using perféct
pronostics (see table 1). Skill scores attained by this
system with the developmental data and when applied
to independent and actual prognostics are also shown
in table 1.

QUANTITATIVE FORECASTING

Included in table 1 is a breakdown, by quantity of
precipitation, of the cases of measurable rain falling into
each forecast category. Large amounts are infrequent
in winter at Des Moines, the normal precipitation for the
winter months being, for December: 1.19 in.; January:
1.08 in.; and February: 1.09 in.

The small number of heavy precipitation cases does not
afford much opportunity for developing a quantitative
forecast procedure. Added to this is the fact that some
of the greatest storms threatening Des Moines deposit
very little precipitation there when the “arid line,” de-
fined earlier, lies to the east of that city.

. In spite of these factors, the percentage frequency of
the quantitative amounts carries over fairly well from
development to test perfect-pronostic data. Little skill
in quantitative foreeasting is shown by the test on actual
prognostic charts.

A COMPARISON WITH THE DISTRICT FORECASTS

- For comparison with the forecasts made by the basic
version of this objective system, the original Iowa State
forecasts issued by the Chicago District Forecast Center
were obtained for eight of the nine test months in the
period December 1949 to February 1952—official fore-
casts for the month of December 1950 were unavailable.

‘Several definitions were.required to change the wording
of the district forecasts into categorical forecasts. . Since
Des Momes hes nea.r t.he center - but; in the southwest
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TasLe 1.—Calegory statistics, contingency tables, skill scores, and percent correct for (1) development data, (2) test using “‘perfect’’ prognostics,

and (3) test using actual prognostic charts.

The 8kill scores given are calculated by the common definition of skill over chance

Development cases, December 1945, December, January, February 1946-49

Measurable rain
Forecast | Total | No rain : .
group cases or trace Number Percent 0.01-0.09 inches 0.10-0.24 inches .| 0.25-0.49 inches >0.50 inches Forecast
of cases o(f;g::l | 9 Rain  Norain  Total
Number | Percent | Number | Percent | Number | Percent | Number | Percent | Rain___. 40 17 57
§ No rain. 38 266 304
Nasop.-. 63 63 0 0 ) Total._ 78 283 361
Neg..._... 73 3 [ 0 8kill score: 0.50.
Ng__.._._. 13 100 13 12 11 10 2 2 Percent correct: 85.
NQ---—--- 34 30 4 12 1 3 2 (] 1 3
Regoooo 45 20 25 56 9 20 8 18 2 5 6 13
RQeceeees 33 18 15 45 12 36 1 3 1 3 1 3
Test cases—perfect prognostics, December 1949, December, January, February 1950-53
Forecast
gg g‘l’ g :';' 3 g 1 1 - Rain No'rain Total
D
88 8 5 8 1 5 0 2 1 1 E Rain... R .
AT 1 4 B R .
47 34 13 27 10 21 2 4 1 2 O Mol e o5 2 M
Percent correct: 78,
Test cases—actual prognostics, December 1949, December, January, February 1950-63
) Forecast
57 47 10 18 9 16 1 2 Rain Norain Total
o
19 109 3 1 3 : 5 4 4 3 1 1 E Rain_.. voox N
36 7 9 % 3 i 5 [ 0 H 1 3| B )
] b 6 18 2 6 2 6 2 6 ° Tl e 2, 2 M
Percent correct: 75.
TasLE 2.—Comparison of objective and district forecasts for about eight of the test months
Verifying by precipitation at Des Moines
Verifying by precipitation at Des Moines, 0600-1800 cst midnight to midnight, or at stations
within 35 miles, 0600~1800 csT
Forecast used F . F .
'orecas 'orecas!
Skill Percent | Skill Percent
score correct score correct
Rain No rain Rain No rain
Objective forecast for 0600-1800 csT day after tomorrow; 10 24 16 43
. Iatest data-1230 car surface chart. ‘ 40 162 } 0.08 7 35 143 } 0.06 o7
District forecast for 0600-1800 csT day after tomorrow; 10 24 19 39
" Intest data 1830 ST surface chart. 42 wo|) 007 72 3 da |} o1 6
District forecast for 0600-1800 csT tomorrow; latest data 14. 21 24 36
1830 cst surface chart, 3 Bl o= 8 ‘21 157 } 0.3 Ll
Objective forecast for 0600-1800 csr tomorrow; latest data 26 9 37 23 \ -
2100 csr 700-mb. chart, 51 152 } 0.33 75 10 138 } 0.36 ]
District forecast for 0600-1800 cST today; latest data 0030 24 11 ; 35 25 1
*" oSt surface chart. 3| 1m0 } 0.40 8t 24 156 } 0.45 80

quarter of the State, statements about the weather for
the entire State, or for the central, the south, the west, or
the southwest portions, were taken as applying to Des
Moines. : : ,

Any forecast in which no mention was made of precipi-
tation other than drizzle or flurries was taken as .a no-
precipitation forecast. All others were interpreted as
requiring measurable precipitation for verification. Two
classes of precipitation occurrence were recognized: (a)
A measurable amount (>>0.005 inch) at Des Moines in the
12-hour period 0600 to 1800 csT; (b) A measurable amount
at Des Moines anytime in the 24-hour period from mid-
night to midnight, or within the 12-hour period 0600-1800
cst at any two of four Iowa stations—Ames, Dexter, St.

Charles, and Knoxville —within 35 miles of Des Moines.
This latter gives the forecaster credit for near misses in
space and time.

Because of ‘the rapid decay of verification scores with
time, the difference in time projection between the official
forecasts and the forecasts made by the system should be
taken into account. In making the forecasts for the day
after tomorrow, the district forecaster has before him the
surface map for 1830 csr. In contrast, the last chart
available in making- the prognostic chart used by the
objective system is that for 1230 cst. The district fore-
casts for tomorrow, in table 2, bracket the objective fore-
cast with which they are.compared, in.the one case by
being made without use of the 2100 cst 700-mb. chart and
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in the other case by having the advantage of information
on the 0030 cst surface chart.

It can be seen in table 2 that the variation in the scores
is definitely a function of the projection time of the fore-
cast. There is little: to indicate a significant difference
between the objective method and the district forecast
except perhaps when credit is given for near misses. How-
ever, this alternative definition of the occurrence of pre-
cipitation was made on the recommendation of a district
forecaster as a means of giving credit for what the fore-
caster feels is a satisfactory job done when the projection
time is as long as 3648 hours. It is quite likely that his
forecast is designed with such a definition in mind while
the objective system is specifically designed to forecast
only for the 12-hour period at Des Moines.

Thus we reach the same conclusion as that of most other
objective forecast studies. It is possible to devise an
objective forecast system, based on a small number of
fairly crude parameters, that will attain very nearly the
same degree of success as that of an experienced and able
forecaster, but it is difficult, even with a very complex
system, to exceed his record in the mean. This is par-
ticularly true if the forecaster is aware of the principles
upon which the system is based.

APPLICATION OF THE FORECASTS TO OTHER STATIONS

There often arises the important question of how large
an ares is really being forecast for successfully by a system
which, like this one, depends on parametric data from
stations far from the point of the forecast. One might
also ask whether the point for which the system was
designed lies in the center of the area and, if not, whether
there is not some other point nearer the center for which
the system forecasts with greater skill. It was relatively
simple to verify the forecasts of precipitation for Des
Moines against the precipitation observed at surrounding
stations. A first group of stations was selected and from
the results, a second group was added to the list as follows:

First group Second group

Chicago, Il Indianapolis, Ind.
Moline, Il1. Madison, Wis.
Minneapolis, Minn. Omaha, Nebr.

Sioux City, Iowa
Kansas City, Mo.
St. Louis, Mo.

Grand Island, Nebr.
Wichita, Kans.
Oklahoma City, Okla.
Little Rock, Ark.
Springfield, Mo.
Columbia, Mo.

The application of the Des Moines forecasts to other
stations indicates a rapid falling off of skill to the north
(fig. 17). The skill scores tend to be higher at Moline
than at Des Moines, and remain at a high level to the
south even as far away as Little Rock.

If the results shown in figure 17 are reliable, we are led
to conclude that objective forecast systems may very
well eover geographically uniform areas as large as
100,000 square miles. Thus a limited number (perhaps
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Firaure 17.~-Skill scores attained at various points in the Midwest when forecasts for
Des Moines, made by applying the system to data from perfect prognostic charts for the
12 test months in the period, December 1949 to February 1952, are verified against the
precipitation occurring at the indicated stations.

30 or 40) of carefully designed systems could be used to
forecast precipitation during a particular period for the
entire country.

CONCLUSION

The simplicity of the system and of the parameters
involved might make the reader wonder whether better
results could not be obtained through some elaboration.
Much time was spent in attempting to improve the results
by using a variety of parameters from synoptic charts
available to the forecaster or taken from the prognostic
chart. Although many types of parameters used in other
objective methods were tested, their use did not increase
the skill already attained. Another question might arise
with respect to the omission of parameters from upper
levels other than 700 mb. It was thought inadvisable to
use parameters from prognostic charts which, like those
for the 500-, 400-, 300-, and 200-mb. levels, have been
constructed for only short, irregular periods, because the
skill of such parameters could not be adequately tested.

The primary aim of this work was to find a means by
which the features of the prognostic charts curredtly
issued could be used to forecast precipitation, That the
flow pattern can have such an ability has been demon-
strated, at least with the perfeet prognostic. However,
the fact that the skill score of the system diminishes so
greatly when it is tested upon actual prognostics, indicates
that the average skill of prognosticators is not great enough
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at present to allow optimum use of a’system such as this.
There are several ways in which prognostic charts may be
improved. Among these are more careful selection and
training of prognosticators, and improvement of the
methods they utilize.

As matters now stand, the skill of the system when
tested upon parameters taken from actual prognostics is
sufficiently mediocre to suggest that it might be more
expedient to bypass the prognostic chart by using param-

- eters taken from the maps available to the forecaster at
the time he is making his forecast. This is the type of
objective technique used by Schmidt [7, 8] in several
recent papers. After such a system had been developed
to its fullest extent, an attempt could be made to improve
the results by applying parameters taken from prognostic
charts available to the forecaster. In this way, at least the
main portion of the system would not be affected by the
uncertainties of the prognostic procedure.

At present it scems likely that the most promising means
of improving the prognostic chart is through the use of
numerical methods now being developed to solve physical
equations with the aid of the electronic computer. Since
the product of numerical methods may be in the form of
the future distribution of quantities such as vertical motion
directly associated with the precipitation process, it is not
unlikely that the precipitation forecast of the future will
be completely objective—produced by the computer
directly from the raw data.
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